Almost every species is, to a first approximation, in genetic equilibrium; that is to say no very drastic changes are occurring rapidly in its composition. It is a necessary condition for equilibrium that all new genes which arise at all frequently by mutation should be disadvantageous, otherwise they will spread through the population. Now each of two or more genes may be disadvantageous, but all together may Tse advantageous. An example of such balance has been given by Gonsalezd). He found that, in purple-eyed Drosophila melanogaster, arc wing or axillary speck (each due to a recessive gene) shortened life, but the two together lengthened it.
Consider the case of two dominant genes A, B, where the relative chances of producing offspring by the four phenotypes are as follows: AB 1, aaB 1 -k\, Abb 1 -k 2 , aabb 1 + K. ki and k 2 are small and positive. K is small, and if negative its absolute value is less than ki or k 2 .
Consider a random mating population where in the nth generation the genie ratios are UnA: l a ; v n B -. lb.
(1 + «") (1 + v n y So, taking a generation as the unit of time,
( ) ( r Let x = 1/(1 + u) (the proportion of recessive genes) and y = 1/(1 + v), so that l>a>>0, l>y>0. Some examples of trajectories are given. It is clear that a population consisting mainly of AABB or aabb tends, as the result of selection, to return to those compositions. If the signs of K, k\, and &2 be changed, the same trajectories will be described in the reverse direction.
If the original population is AABB, the factors A and B will genei'ally have a small tendency to mutate to a and 6 respectively. Let pi and p% be the probabilities that A will mutate to a and B to b in the course of a generation. These appear to be generally small numbers of the order of 10" 6 or less. The population is in equilibrium when x = pi/ki, y=pilk 2 (Haldane(3) ). In general x will be much smaller than a, and y than b, but from time to time chance fluctuations may isolate a population where this is no longer the case. Its representative point will lie in the area whose stable type is aabb, and the whole population will be transformed into this type, apart from rare exceptions due to back mutation. In such a population modifying factors will be selected in such a way as to increase the viability of the aabb type, i.e. the value of K. But even so it may be expected to be swamped by hybridisation on coming into contact with the original AABB population, unless one of two things has happened.
aabb may possess or develop characters which render mating with AABB rare. For example, it may have a different flowering time if a plant, or a different psychology if an animal. In this case the species will divide into two. Or chromosome changes may occur to cause close linkage of A and B when the populations are crossed. Thus if the loci of A and B are in the same chromosome an inversion of the portion containing them will lead to their behaving as a single factor on crossing. In this case if K is positive the whole species will be transformed into the type aabb. A species which is liable to. transformations of this kind may be called metastable. Possibly metastability is quite a general phenomenon, but it is only rarely that the circumstances arise which favour a change of the type considered.
In a population which is mainly self-fertilised, conditions are probably more favourable. Were self-fertilisation universal, the proportion of aaBB zygotes, when mutation and selection were in equilibrium, would be $pi/kx. So that of aabb would be Pipa/l'ikikz) or less. This is presumably a small number, probably of the order 10~9, and when such individuals occur, they will generally be wiped out by chance. But their probability of spreading through the population, though small, will be finite, and roughly equal to IK (Haldane (3) ). Hence, within a geologically short period we may expect evolution to occur in such cases.
The theory may be extended in two different ways. We may consider m genes. In this case any population can be represented by a point in ?«-dimensional space, all populations being represented by the points of a regular orthotope, or hypercube. Each of the 2 m apices of this figure represents a homozygous population. Clearly the condition for stability of any such population is that no change in a single factor should yield a more viable type. In other words, no adjacent apices can both represent stable populations. The maximum number of stable populations is thus 2 m~1 , represented by the vertices of the polytope arising from the omission of alternate vertices of the regular orthotope. This is not regular but only semi-regular if m > 3. In general the numbers of stable genotypes will be much smaller than this, and may not exceed 1.
If there is more than one stable population the orthotope is divided into two or more regions analogous to the two areas of Fig. 1 . A population in any given region tends to the same point of stable equilibrium. The regions are separated by a variety (surface or hyper-surface) of m -1 dimensions. If we take as our variables x%, x%, #3. etc. not the proportions of recessive genes, but their squares, i.e. the proportion of recessive zygotes, we have 
The general case where heterozygotes are of any arbitrary viability is rather complicated. But where a heterozygote has a greater viability than any genotype differing from it in respect of a single gene only, there will be a stable population including some of these heterozygotes. Thus if aabb has a viability 1+K, AABb of 1 + K%, all other genotypes having unit viability, J = ooy (1 -x) [K^y -K 2 (1 -x) (1 -y)}, K % (1 -xf (2y -1)}.
The stable equilibria are at x = l, y = l and x=-Q, y = \. But I have not been able to integrate these equations, since the variables are not readily separable. Nevertheless it is clear that the trajectories fall into two groups bounded by a curve passing through (0,1) and ( j^^. l ) .
In the case of m genes, if heterozygotes have an advantage as such there may be points of stable equilibrium anywhere in the m-dimensional space, but it seems fairly clear that their number cannot exceed 2 m~\ It is suggested that in many cases related species represent stable types such as I have described, and that the process of
